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)URP WKH V RQZDUGV JOREDO JURVV GRPHVWLF SURGXFW
*'3JUHZPRUHVWURQJO\WKDQJOREDOPDWHULDOXVHLQGLFDWLQJ
DQLQFUHDVHLQUHVRXUFHSURGXFWLYLW\>@+RZHYHUVLQFHWKH
\HDUJOREDOPDWHULDOSURGXFWLYLW\KDVEHHQ LQDVWDWHRI
VWDJQDWLRQ>@7KHDEVROXWHOHYHOVRIPDWHULDOXVHLQFUHDVHGRQ
DJOREDOVFDOHPDLQO\GULYHQE\SRSXODWLRQJURZWK>@
6PDOODQGPHGLXPVL]HGFRPSDQLHV60(VFRQVWLWXWH WKH
EDFNERQH RI QDWLRQDO HFRQRPLHV DURXQG WKH ZRUOG >@ 7KH
60( VHFWRU LV JOREDOO\ SHUFHLYHG WR EH XQGHUSHUIRUPLQJ LQ
WHUPVRIHQYLURQPHQWDOIULHQGOLQHVV>@DQGRIWHQIDLOVWRWDNH
DGYDQWDJH RI HIIRUWV GHVLJQHG WR LPSURYHPDWHULDO HIILFLHQF\
0(ZKLFK DUH RIWHQ FRQVLGHUHG WR FRQIOLFWZLWK HFRQRPLF
REMHFWLYHV&XUUHQWO\SDVWRULHQWHG LQIRUPDWLRQZKLFKFDQEH
FROOHFWHGIURPSURGXFWLRQDQGFRVWDFFRXQWLQJLVPDLQO\XVHG
IRUGHFLVLRQPDNLQJEHFDXVHIXWXUHRULHQWHGLQIRUPDWLRQZKLFK
HQDEOHVEHWWHUMXGJHPHQWUHTXLUHVPRUHHIIRUWVWRFROOHFW>@
7KHFHQWUDOUHVHDUFKTXHVWLRQRIWKLVSDSHULVKRZDVXLWDEOH
DSSURDFK IRU WKH LPSOHPHQWDWLRQ RI 0( DFWLYLWLHV LQ
PDQXIDFWXULQJ60(VFRXOGORRN7KHSDSHULVGLYLGHGLQWR
DEULHIVWDWHRIWKHDUWGHVFULSWLRQFRQFHUQLQJPHWKRGVDQGWRROV
PRWLYDWRUVDQGGUDZEDFNIDFWRUV WKHFRQFHSWLRQRID ORZ
FRPSOH[ DQG FRQYLQFLQJ 0( LPSURYHPHQW DSSURDFK IRU
PDQXIDFWXULQJ 60(V FRQQHFWDEOH WR H[LVWLQJ DVVHVVPHQW
PHWKRGV VXSSO\ FKDLQV 6& DQG FLUFXODU HFRQRP\ &(
GHPDQGVWKHYHULILFDWLRQEDVHGRQVLPXODWLRQPHWKRGVDQG
DSUHVHQWDWLRQRIDSRVVLEOHURDGPDSIRUDQLPSOHPHQWDWLRQ
RI0(FRQFHSWVLQ6&V
,Q RUGHU WR LQYHVWLJDWH WKH VWDWH RI WKH DUW FRQFHUQLQJ WKH
UHVHDUFKTXHVWLRQDQH[WHQGHGOLWHUDWXUHUHVHDUFKIRUWKHWLPH
EHWZHHQ  DQG -DQXDU\  KDV EHHQ XQGHUWDNHQ 7KH
FROOHFWHG LQIRUPDWLRQ DOORZHG D VXEVWDQWLDO XQGHUVWDQGLQJ RI
WKHWRSLFDFURVVGLIIHUHQWGLVFLSOLQHVDQGVHUYHGDVDSURIRXQG
EDVLVIRUWKHGHYHORSPHQWRIWKHDSSURDFK
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6WDWHRIWKHDUW
2.1. Material efficiency in manufacturing 
*OREDOPDWHULDO FRQVXPSWLRQ URVH IURPDSSUR[ *W LQ
>@ WR*W LQ>@6WXGLHV LQ(XURSHFRQFHUQLQJ
ZDVWH JHQHUDWLRQ LQ PDQXIDFWXULQJ FRUUHVSRQG ZLWK
LQYHVWLJDWLRQV IRU WKH86DXWRPRELOH LQGXVWU\ZKLFK VKRZHG
WKDWIURPPLQLQJWRILQDOGLVSRVDODSSUR[RIWRWDOLQSXW
LQWRDPLGVL]HGDXWRPRELOHUHVXOWLQUHVLGXDOPDWHULDO>@,Q
VKHHWPHWDOSURGXFWLRQXSWRRIFDVWPHWDOLVGLVFDUGHGLQ
WKHSURFHVVRIVFDOSLQJUROOLQJDQGEODQNLQJVLQWKHDHURVSDFH
LQGXVWU\PDFKLQLQJWLWDQLXPFRPSRQHQWVFDQUHVXOW LQDOPRVW
VFUDS>@5HVRXUFHHIILFLHQFLHVPHDVXUHGLQDQXPEHURI
$XVWUDOLDQFRPSDQLHVUDQJHGEHWZHHQDQGDYHUDJH
>@
7KH SURGXFW \LHOGV RI FRPSOHWH SURFHVV FKDLQV DUH
VLJQLILFDQWORZHUWKDQWKHVLQJOHSURFHVVVWHSV7DNLQJDVHULHV
RISURFHVVHV LQD URZ WKH WRWDO HIILFLHQF\FDQEHGHULYHGE\
PXOWLSO\LQJ WKH HIILFLHQFLHV RI HDFK VLQJOH SURFHVV VWHS
$VVXPLQJDSURFHVVFKDLQFRQVLVWLQJRIIRXUVWHSVRQDYHUDJH
DVPXFKDV0(SHUSURFHVVVWHSQHHGVWREHDFKLHYHGLQ
RUGHU WR UHFHLYH D WRWDO HIILFLHQF\ RI  7KHVH H[DPSOHV
KLJKOLJKWWKHPDJQLWXGHRIWKHFKDOOHQJHDQGLQGLFDWHWKDWWKHUH
LVVLJQLILFDQWURRPIRULPSURYHPHQWIURPDSK\VLFDOSRLQWRI
YLHZ
2.2. Socio-economic considerations 
:KHQGLVFXVVLQJ0(VRFLRHFRQRPLFGLPHQVLRQVKDYHWR
EH FRQVLGHUHG DVZHOO )LUVW UHERXQG HIIHFWV GLUHFW LQGLUHFW
DQGPDFURHFRQRPLFKDYHWREHFRQVLGHUHG'XHWRORZHUFRVWV
DQG WKHUHIRUH ORZHU JRRG SULFHV PRUH HIIHFWLYH ZD\V WR
SURGXFH FRXOG OHDG WR DQ LQFUHDVH LQ WKH GHPDQG IRU ILQDO
SURGXFWV DQG WKHUHE\ LQ WKH DEVROXWH GHPDQG IRU PDWHULDO
LQSXWV.H\GHWHUPLQDQWVIRUWKHVHHIIHFWV LQFOXGHWKHVL]HRI
WKHHIILFLHQF\JDLQWKHFRVWVWUXFWXUHDQGWKHUHVSRQVHRIIDFWRU
PDUNHWV >±@ 6HFRQG WKLV SKHQRPHQRQ LV UHODWHG WR WKH
TXHVWLRQ RI ZKHWKHU D GHFRXSOLQJ RI PDWHULDO LQSXW DQG
HFRQRPLFJURZWKFDQEHDFKLHYHG,IHJDFKDQJHLQUHODWLYH
LQSXW SULFHV LPSOLHG VWUXFWXUDO FKDQJH WRZDUGV PDWHULDO
LQWHQVLYHSURGXFWVHFRQRPLFJURZWKFRXOGEHFKDUDFWHUL]HGE\
DJURZLQJXVHRIPDWHULDO>@7KXVWHFKQRORJLFDOSURJUHVV
PXVWRYHUFRPSHQVDWHWKLVGHYHORSPHQW7KLUGWKHUROHRIWKH
JRYHUQPHQWPXVWEHWDNHQLQWRDFFRXQW7KHLPSURYHPHQWRI
0( UHTXLUHV LQQRYDWLYH SURFHVVHV DQG SURGXFWV ,Q JHQHUDO
PDLQVWUHDPHFRQRPLVWV FRQVLGHU IUHH FRPSHWLWLYHPDUNHWV DV
WKHEHVWZD\WRDFKLHYHLQQRYDWLRQV+RZHYHUVLQFHUHVHDUFK
DQG GHYHORSPHQW DUH VXEMHFW WR XQFHUWDLQW\ HQWHUSULVHV DUH
LQWHUHVWHGLQOHJDOVHWWLQJVDQGJXLGDQFHE\WKHJRYHUQPHQWVHH
DOVR  &RQVHTXHQWO\ D WUDGHRII EHWZHHQ HIILFLHQF\ RI
PDUNHWVDQGXQFHUWDLQW\H[LVWVDQGVRFLHW\KDVWRGHFLGHZKLFK
JRDO LV PRUH LPSRUWDQW 7KH LQFUHDVHG SRSXODULW\ RI WKH &(
DSSURDFKVHHLVDUHVXOWRIVXFKDGHEDWH
2.3. Supply chain and circular economy aspects 
0(KDVWRVWDUWDWWKHVLQJOHHQWHUSULVHOHYHOILUVW+RZHYHU
LQRUGHUWRDFKLHYHGHFRXSOLQJRIUHVRXUFHFRQVXPSWLRQIURP
HFRQRPLFJURZWK6&DQG&(DVSHFWVDOVRKDYHWREHWDNHQLQWR
DFFRXQW &( DFWLYLWLHV DLP WR VXSSO\PDWHULDOV DQG SURGXFWV
VHYHUDOWLPHVDWWKHVDPHYDOXHOHYHOWRWKHHFRQRPLFF\FOHLQ
RUGHU WR LPSURYH WKH UHVRXUFH SURGXFWLYLW\ &( DFWLYLWLHV
FRPELQHHFRQRPLFDQGHQYLURQPHQWDOEHQHILWVIRUFRPSDQLHV
/HZLVDQG&DVVHOOV>@VWDWHWKDWILUPWRILUPUHODWLRQVKLSV
DQGQHWZRUNVDUHNH\IDFWRUVIRULPSOHPHQWLQJHQYLURQPHQWDO
SUDFWLFHVLQ6&V,QIRUPDOSUHVVXUHRQ6&SDUWQHUVVHHPVWREH
SDUWLFXODUO\HIIHFWLYHGXHWRWKHH[LVWLQJWUXVWLQWKHFRQQHFWLRQ
,Q RWKHU FDVHV VXSSOLHU GHYHORSPHQW DQG D PXFK GHHSHU
LQIRUPDWLRQIORZDORQJWKH6&DUHUHTXLUHGEHIRUHVXVWDLQDEOH
SUDFWLFHV FDQ EH LPSOHPHQWHG >@ *RVO >@ SURSRVHG D
FRQFHSW LQ ZKLFK VRFDOOHG IRFDO FRPSDQLHV WDNH RYHU WKH
OHDGHUVKLSLQJUHHQLQJ6&V3URDFWLYHLQLWLDWLYHVDUHH[SHFWHG
WRGLIIXVHPRUHHDVLO\XSVWUHDPRIWKH6&WKDQGRZQVWUHDPLQ
WHUPVRIFXVWRPHUDQG&(DVSHFWV>@
7KH &( FRQFHSW LV URRWHG LQ VHYHUDO GLIIHUHQW VFKRROV RI
WKRXJKW DQG WKHRULHV WKDW TXHVWLRQ WKH SUHYDLOLQJ OLQHDU
HFRQRPLFV\VWHP>@7KLVFRQFHSWKDVVLQFHHYROYHGWRVXFK
DQH[WHQWWKDWWRGD\SROLF\PDNHUVDFDGHPLFVDQGWKHEXVLQHVV
FRPPXQLW\LQFUHDVLQJO\UHFRJQL]HWKHQHHGWRPRYHWRZDUGVD
QHZ HFRQRPLF PRGHO LQ ZKLFK PDWHULDOV DQG HQHUJ\ IURP
GLVFDUGHGSURGXFWVDUHUHLQWURGXFHGUHSHDWHGO\LQWRWKH6&DW
WKH VDPH YDOXH DGGHG OHYHO >@ ([LVWLQJ 6& QHWZRUNV IRU
OLQHDU FRQVXPSWLRQ KDYH WR EH UHWKRXJKW IRU D GHYHORSPHQW
WRZDUGVWKH&(
2.4. Methods, tools, standards and guidelines 
,QDFXUUHQWO\RQJRLQJDQDO\VLVWKHDXWKRUVKDYHLQYHVWLJDWHG
H[LVWLQJPHWKRGV WRROVDQGVWDQGDUGV WKDWGHDOZLWKPDWHULDO
DQG HQHUJ\ HIILFLHQF\ PDWWHUV FRQFHUQLQJ WKHLU PHWULFV
SK\VLFDO HFRQRPLF VRFLDO VFDOH PDFUR PHVR PLFUR
XVDELOLW\ SURFHVV OHYHO HQWHUSULVH 6& &( DQG HQWUDQFH
EDUULHUIRU60(V0RVWRIWKHLQYHVWLJDWHGWRROVDQGPHWKRGV
UHSUHVHQWDPHGLXPRUKLJKLPSOHPHQWDWLRQEDUULHUIRU60(V
EHFDXVH WKH\ DUH WRR LQYROYHG VFLHQWLILF VSHFLDOL]HG WLPH
FRQVXPLQJ QHHG H[WHUQDO NQRZKRZ RU DUH RI D FRQFHSWXDO
QDWXUHDQGIDLOWRVHUYHDVDGHFLVLRQPDNLQJWRRO>@
2QO\ WKH FRQFHSWXDO (QHUJ\ DQG0DWHULDO )ORZ $QDO\VLV
(0)$WRROSUHVHQWHGE\>@FRQVWLWXWHVDFFRUGLQJWR>@D
ORZ DQG WKH &OHDQHU 3URGXFWLRQ &3 JXLGHOLQH RI >@ D
PHGLXPHQWUDQFHEDUULHU IRUPDQXIDFWXULQJ60(V+RZHYHU
WKH\ WHQG QRW WR XVH WKH ODWWHU XQOHVV VXSSRUWHG E\ H[WHUQDO
FRQVXOWDQWV5HXWHU>@SURSRVHGWKHGHYHORSPHQWRIVLPSOH
WRXVHORZFRPSOH[PHWKRGVSURYLGLQJUHOLDEOHUHVXOWVUHOHYDQW
IRU EXVLQHVV WKDW DUH DEOH WR RSHUDWLRQDOL]H WKH SULQFLSOHV RI
VXVWDLQDELOLW\
60(V DUH QRW DEOH RU DUH QRW ZLOOLQJ WR VXSSO\
FRPSUHKHQVLYH LQWHUQDO GDWD )RU WKLV UHDVRQ D VXLWDEOH
DSSURDFKIRUPDQXIDFWXULQJ60(VPXVWDEDQGRQ WKH LGHDRI
FRPSOHWHGDWDDFTXLVLWLRQDQGPXVWXQIROGUHOLDEOHUHVXOWVZLWK
LQFRPSOHWHGDWDVHWV>@
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2.5. Motivators and drawback factors 
0XOWLSOH EHQHILFLDO RXWFRPHV LQ0( FRYHULQJ HFRQRPLF
HQYLURQPHQWDO VRFLDO DQG WLPH GLPHQVLRQV DUH UHTXLUHG
7KHUHIRUH D EHWWHU XQGHUVWDQGLQJ RI NH\ PRWLYDWRUV DQG
GUDZEDFNVWKHDSSURSULDWHEDODQFLQJRIGULYHUVDQGWKHXVHRI
PHWKRGV IURP GLVFLSOLQHV VXFK DV EHKDYLRUDO VFLHQFH LV
QHFHVVDU\ >@ 7KH GULYHUV DQG EDUULHUV IUDPHZRUN IRU
HQYLURQPHQWDOO\FRQVFLRXVPDQXIDFWXULQJSURSRVHGE\0LWWDO
HWDO>@FRQVLVWLQJRIHFRQRP\DQGPDUNHWSROLF\
FRPSDQ\DQGVRFLHW\UHODWHGIDFWRUVLVXVHGKHUHEXWQHHGV
WREHH[WHQGHGE\6&HOHPHQWVVHH)LJXUH
)LJ([WHQGHGGULYHUVDQGEDUULHUVIUDPHZRUN

7KHPRVW VWLPXODWLQJHFRQRP\DQGPDUNHW IDFWRUV IRU WKH
LQWURGXFWLRQ RI 0( DUH LPSURYHG FXVWRPHU VDWLVIDFWLRQ DQG
FRVWVDYLQJV>@0DQXIDFWXULQJ60(VZHLJKXSFDUHIXOO\
VKRUW DQG ORQJ WHUP LPSOHPHQWDWLRQ FRVWV >@ (FRQRPLF
XQFHUWDLQWLHV DQG KLJK VKRUWWHUP LPSOHPHQWDWLRQ FRVWV
UHSUHVHQWVWURQJEDUULHUV>@2SSRUWXQLWLHVIRULQQRYDWLRQDUH
VHHQDVDQLPSRUWDQWLQFHQWLYHIRUHFRHIILFLHQF\>@/DFN
RI H[SHUW NQRZOHGJH >@ DOWHUQDWLYH SURFHVV WHFKQRORJ\
WUDGLWLRQDQGVNLOOVUHSUHVHQWLPSRUWDQWEDUULHUV>@DVZHOODV
WHFKQRORJ\ULVNV>@
&RQFHUQLQJSROLF\IDFWRUVFRQVHQVXVH[LVWVLQWKHOLWHUDWXUH
WKDW FRPSOLDQFH ZLWK OHJLVODWLRQ LV RQH LPSRUWDQW GULYHU IRU
PDQXIDFWXULQJ60(VLQWHUPVRIWKHXSWDNHRIHQYLURQPHQWDOO\
RULHQWHG LQLWLDWLYHV >@ 7KH DQWLFLSDWHG IXWXUH
HQYLURQPHQWDOUHJXODWLRQDQGSUHOHJLVODWLYHGLDORJXHVDUHVHHQ
DVLPSRUWDQWGULYHUV>@
9ROXQWDU\ DFWLRQ WDNHQ E\ FRPSDQLHV EULQJV DERXW WKH
JUHDWHVW LPSURYHPHQW >@ 7KXV WRS PDQDJHPHQW VXSSRUW
ORQJWHUPVWUDWHJ\FRPPLWWHGPDQDJHUV>@HPSRZHUPHQW
HPSOR\HH WUDLQLQJ WHDPZRUN DQG UHZDUG V\VWHPV DUH
LPSRUWDQWNH\GULYHUV>@)XUWKHULWLVLPSRUWDQWWRDGGUHVV
WKHLQWHUQDOEDUULHUVWRLQIRUPDWLRQIORZDQGUHVRXUFHDOORFDWLRQ
E\HVWDEOLVKLQJDFOHDUPDQDJHPHQWVWUXFWXUHDQGSURFHGXUHWR
SRVLWLRQ D SHUVRQ LQ FKDUJH LQ WKH RUJDQL]DWLRQ WR GHILQH
H[DFWO\ WKH WHUPV DQG LVVXHV DQG WR LPSOHPHQW VXLWDEOH NH\
SHUIRUPDQFHLQGLFDWRUV.3,V>@'DWDPDQDJHPHQWWUXVW
DQG FRPPXQLFDWLRQ DUH VHHQ DV FULWLFDO HQDEOHUV >@ GDWD
DYDLODELOLW\DVDEDUULHU>@0RVWFRQVLVWHQWO\FLWHGEDUULHUVWR
HQJDJLQJ ZLWK HQYLURQPHQWDO PDQDJHPHQW DUH ODFN RI
PDQSRZHUWLPHGHPDQG>@DQGHIIRUW>@&RPSOLFDWLRQ
RI VLPSOH SURFHVVHV GXH WR UHTXLUHG GRFXPHQWDWLRQ >@ DQG
WUDLQLQJ UHTXLUHPHQWV WKDW SXW WRR PXFK VWUDLQ RQ 60(V¶
OLPLWHGUHVRXUFHV>@DUHUHJDUGHGDVVLJQLILFDQWEDUULHUV
)LUP VL]H YLVLELOLW\ DQG EUDQFKDIILOLDWLRQ DUH VLJQLILFDQW
VRFLHW\IDFWRUV>@
7KH HFRQRPLF DQG FRPSDQ\ VSHFLILF HQDEOLQJ IDFWRUV
PHQWLRQHGDERYHOLNHFRVWVFXVWRPHUGHPDQGSROLF\GHPDQG
YLVLELOLW\HWFDUHWUDQVIHUUDEOHIXOO\WRJUHHQLQJ6&V>@
(VSHFLDOO\IRUPDQXIDFWXULQJ60(VWKHODFNRIVXSSRUWDORQJ
WKH6&LVDVLJQLILFDQWEDUULHU7KLVEDUULHUUHIHUVPDLQO\WRWKH
GHSHQGHQF\ RI PDQXIDFWXULQJ 60(V RQ WKHLU VXSSOLHUV DQG
FXVWRPHUV¶ HQJDJHPHQW LQ 0( DFWLYLWLHV 7KH VXFFHVVIXO
LPSOHPHQWDWLRQRID&(LQSUDFWLFDODSSOLFDWLRQQHFHVVLWDWHVWKH
FROODERUDWLRQ RI DOO SDUWQHUV DFURVV WKH VXSSO\ FKDLQ >@
8VXDOO\WKHUHLVQRVXEVWDQWLDOSUHVVXUHIURPWKHGHPDQGVLGH
RQ 60(V WR PHHW0( FULWHULD RU WR GHYHORS D &( EXVLQHVV
PRGHO >@ 2WKHU LPSRUWDQW EDUULHUV WR PDQXIDFWXULQJ
60(VHQJDJLQJLQ&(DUHODFNRIFDSLWDOJRYHUQPHQWVXSSRUW
WHFKQLFDONQRZKRZDQGLQIRUPDWLRQ$QLPSRUWDQWHQDEOHULV
DQHQYLURQPHQWDOFXOWXUHDPRQJWKHVWDIIDQGPDQDJHPHQWD
ORFDO RU UHJLRQDO QHWZRUN ZLWK RWKHU 60(V DQG VXSSRUWLQJ
PXOWLSOLHUV WR HQKDQFH LQIRUPDWLRQ VKDULQJ DQG DZDUHQHVV
UDLVLQJ>@
%HVLGHWKHPRWLYDWRUVQDPHGLQWKHILYHFDWHJRULHVDERYH
µYLVXDOL]DWLRQ¶ µFRPSUHKHQVLELOLW\¶ µV\VWHPDWLF¶ µKDQGVRQ¶
DQGµTXLFN¶ZHUHDOVRLGHQWLILHGDVLPSRUWDQWGULYLQJIHDWXUHV
>@LPSURYLQJ0(LQPDQXIDFWXULQJ60(V
,PSURYLQJPDWHULDOHIILFLHQF\LQPDQXIDFWXULQJ60(V
3.1. Basic requirements for an improvement approach 
$Q\0( LPSURYHPHQW DSSURDFK IRUPDQXIDFWXULQJ60(V
PXVWVXSSRUWGHFLVLRQPDNLQJDQGIHDWXUHORZFRPSOH[LW\
0DQDJHUV ZLOO DVN IRU WKH QHFHVVDU\ LQYHVWPHQWV IRU
LPSURYHPHQWV DQG WKH UHWXUQ RQ LQYHVWPHQW 52, &KDQFHV
WKURXJK 0( ZLOO EH FRPSDUHG ZLWK RWKHU EXVLQHVV
RSSRUWXQLWLHV 4XLFN 52,V DQG D SRVLWLYH SHUFHSWLRQ E\
PDQDJHPHQW LPSURYH WKH FKDQFH WKDW 0( LPSURYHPHQW
PHDVXUHV ZLOO EH LPSOHPHQWHG 7KH DSSURDFK PXVW GHOLYHU
XQGRXEWHGDQGFRQYLQFLQJFDVKIORZLQGLFDWLRQ
6HFRQGO\D0(DSSURDFKPXVWEHHDV\WRXQGHUVWDQGDQG
UHDG\WRLPSOHPHQW7KHDFFHSWDQFHZLOO LQFUHDVH LIH[LVWLQJ
GDWDIURPDFFRXQWDQF\LVVXLWDEOHIRUVXFKDQDSSURDFKDQGLI
IXUWKHULQIRUPDWLRQFDQEHDFTXLUHGZLWKOLWWOHHIIRUW([LVWLQJ
ILUPV¶PDQSRZHUPXVWEHDEOHWRKDQGOHWKHDSSURDFKZLWKOLWWOH
H[WUD HIIRUW DQG PXVW EH FRQILGHQW WR XVH LW ZLWK PLQLPDO
WUDLQLQJUHTXLUHPHQWV&OHDUVWHSE\VWHSLQVWUXFWLRQVZLWKFOHDU
RXWFRPHVWKHXVHRIEDVLFHVWDEOLVKHGWRROVOLNHVSUHDGVKHHWV
DQG XQDPELJXRXV YLVXDOL]DWLRQ RI UHVXOWV DQG HIILFLHQF\
KRWVSRWVZLOOVLJQLILFDQWO\LPSURYHWKHFKDQFHRIDFFHSWDQFH
7KLUGWHVWDELOLW\LVLPSRUWDQWLQRUGHUWRDOORZPDQDJHUVWR
FRQFHQWUDWHLQDILUVWVWHSRQO\RQKRWVSRWVORZKDQJLQJIUXLW
DQGWRJDLQH[SHULHQFH&DUHIXOO\VHOHFWHGWULDOSURMHFWVFDQEH
XVHG WR PRWLYDWH SHRSOH LQFUHDVH LQWHUQDO H[SHUWLVH DQG
HQFRXUDJH WKHILUPWR ODXQFKVXEVHTXHQWSURMHFWV7HVWDELOLW\
FDQVHUYHDVDPRWLYDWRUIRUPRUHDFWLYLWLHV
3.2. Requirements for extension of the approach 
)LUVWO\DVPHQWLRQHGLQFKDSWHUD0(DSSURDFKVKRXOG
EH WHVWHG LQDVHOHFWHGSDUWRI WKH ILUP$IWHUFRQILGHQFHKDV
3ODQ
6RXUFH 0DNH 'HOLYHU
5HWXUQ5HWXUQ5HWXUQ
(FRQRP\	0DUNHW
6RFLHW\
&RPSDQ\&XOWXUH
3ROLF\
6XSSO\&KDLQ
60(
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JURZQ FRQFHUQLQJ LWV IHDVLELOLW\ HIILFLHQF\ DQG ILQDQFLDO
EHQHILWV LW VKRXOG EH VSUHDG RXW ZLWKLQ WKH FRPSDQ\ DQG
FRQQHFWHG WR HVWDEOLVKHG LQIRUPDWLRQ WHFKQRORJLHV LQ
PDQXIDFWXULQJ7KHDSSURDFKVKRXOGVHUYHDVDEDVLVIRUPRUH
FRPSOH[ HQYLURQPHQWDO DVVHVVPHQW LQVWUXPHQWV LQ RUGHU WR
YHULI\HQYLURQPHQWDOEHQHILWV
7KHDSSURDFKVKRXOGDOVRHQFRXUDJHPDQXIDFWXULQJ60(V
WRODXQFK0(LPSURYHPHQWDFWLYLWLHVLQWKH6&RUVXSSRUWHFR
GHVLJQDSSURDFKHVQHZVHUYLFHRULHQWHGEXVLQHVVPRGHOVDQG
&(DVSHFWVOLNHSURGXFWVHUYLFHOLIHH[WHQVLRQUHPDQXIDFWXULQJ
DQGUHF\FOLQJ
3.3. Concept for a suitable approach for manufacturing SMEs 
,Q RUGHU WR EH DWWUDFWLYH IRUPDQXIDFWXULQJ60(GHFLVLRQ
PDNHUV D0(DSSURDFK IRU VXFK60(VVKRXOG LQFOXGH  D
SUHVHQWDQGIXWXUHFDVKIORZLQGLFDWRUSURMHFWPDQDJHPHQW
PHWKRGVDSURFHGXUHGHVFULSWLRQDQGDPLQLPL]HGVHWRI
SHUIRUPDQFHLQGLFDWRUV
$VFRPSDQLHVXVHGLIIHUHQWPHWKRGVWRGHWHUPLQHWKHFDVK
IORZ WKH DSSURDFKPXVW EH RSHQ IRU WKH LQWHJUDWLRQ RI VXFK
GLIIHUHQW PHWKRGV DV QHW SUHVHQW YDOXH RU HDUQLQJVH[SHQVHV
SODQV3K\VLFDOGDWDDUHQHFHVVDU\WRHVWDEOLVKDVRXQGEDVLVIRU
WKHFDVKIORZDQDO\VLV8VLQJ3DUHWRDQDO\VLVRQO\VLJQLILFDQW
HQHUJ\DQGPDWHULDOUHODWHGUHVRXUFHVVKRXOGEHLGHQWLILHG>@
*HQHUDOO\ WKRVH FRVWV DUH UHWULHYDEOH IURP DFFRXQWLQJ ZLWK
OLWWOHHIIRUW
3URMHFW PDQDJHPHQW UHTXLUHV D SHUVRQ LQ FKDUJH ZKR
UHSUHVHQWV WKH ³HFR FKDPSLRQ´ (& DQG SURYLGHV D FOHDU
PDQDJHPHQWVWUXFWXUHDVVWDWHGLQ>@,WLVLPSRUWDQWWRDVVLJQ
DPDQDJHUZLWKFOHDUUHVSRQVLELOLW\DQGDFFRXQWDELOLW\IRUWKH
VXFFHVVRI0(DFWLYLWLHV>@3URMHFWPDQDJHPHQWUHTXLUHVWKH
GHILQLWLRQ RI WDUJHWV WKH FRPSLODWLRQ RI ZRUN SDFNDJHV
PLOHVWRQHVDQGUHJXODUUHSRUWLQJ
$ GHVFULSWLRQ RI D EDVLF VWHS E\ VWHS SURFHGXUH KHOSV
GHFLVLRQPDNHUVDQGWKH(&WRDSSUDLVHWKHH[WHQWRIHIIRUWDQG
UHTXLUHG H[SHUW NQRZ KRZ 0XWXDO XQGHUVWDQGLQJ DQG
PRWLYDWLRQKDYHWRVWDQGDERYHWHFKQRORJLFDOWRSLFV³%X\LQ´
RIDOOLQYROYHGSHUVRQVQHHGVWREHHVWDEOLVKHGILUVW7KHZDON
WKURXJK WKH FRPSDQ\ DQG FUHDWLRQ RI VLPSOH SURFHVV IORZ
FKDUWV ERWWRPXSDSSURDFK >@ DUH LPSRUWDQW SUHUHTXLVLWHV
IRUXQGHUVWDQGLQJDQGFRPPXQLFDWLRQ&ROOHFWLRQRIPDWHULDO
ZDVWH DQG HQHUJ\ IORZ GDWD WKHLU FRVWV FRPSLODWLRQ LQ
VSUHDGVKHHWVDQGYLVXDOL]DWLRQRIWKHILQGLQJVIRULQWHUSUHWDWLRQ
DQG GHFLVLRQ PDNLQJ DUH IXUWKHU VWHSV 7KH YLVXDOL]DWLRQ RI
ILQGLQJVVKRXOGHQDEOHWKHGHWHUPLQDWLRQRILPSURYHPHQWKRW
VSRWV5RRWFDXVHDQDO\VLVRSSRUWXQLW\LGHQWLILFDWLRQ>@WKH
FUHDWLRQ RI SRVVLEOH VROXWLRQV DQG WKH LQYHVWLJDWLRQ RI
LPSOHPHQWDWLRQFRVWVDUHIXUWKHULPSRUWDQWVWHSV
,QRUGHU WRHQVXUH LQ WKH ORQJUXQPLQLPL]DWLRQRIRYHUDOO
UHVRXUFH GHPDQGV DQG HQYLURQPHQWDO EXUGHQ WKH VHW RI
SHUIRUPDQFH LQGLFDWRUV VKRXOG DOORZ WKH GLIIHUHQWLDWLRQ
EHWZHHQ SULPDU\ DQG VHFRQGDU\ UHVRXUFHV DV ZHOO DV QRQ
UHQHZDEOHDQGUHQHZDEOHHQHUJ\GHPDQG7KLVWDVNLVVHHQDV
FULWLFDOIRUUHDOPDWHULDOGHFRXSOLQJHYHQWKRXJKLWLQFUHDVHVWKH
FRPSOH[LW\ IRUPDQXIDFWXULQJ60(V7KHSURSRVHGSK\VLFDO
XQLWVXVHGVKRXOGEHHQHUJ\DQGPDWHULDOZHLJKWVERWKSHUWLPH
SHULRG FOHDUO\ LQGLFDWLQJ PDWHULDO DQG HQHUJ\ W\SHV 7KH
DPRXQWRIUHQHZDEOHHQHUJ\FDQEHGHULYHGLQPRVWFDVHVIURP
VWDWLVWLFV IRU WKH ORFDO HQHUJ\ VXSSO\ DQG E\ PHWHULQJ WKH
FRPSDQ\¶VRZQJHQHUDWLRQRIUHQHZDEOHHQHUJ\LIDSSOLFDEOH
7KH DPRXQW RI VHFRQGDU\ PDWHULDO HJ UHF\FOHG DOXPLQXP
QHHGVWREHVSHFLILHGE\WKHVXSSOLHUV%RWKSDUDPHWHUVVKRXOG
EH LQGLFDWHG DV D SHUFHQWDJH RI WRWDO HQHUJ\ DQG PDWHULDO
FRQVXPSWLRQ
3.4. Cash flow simulation 
,Q RUGHU WR VKRZ WKDW ILUPV ZLOO UHFHLYH D UHOLDEOH ILQDQFLDO
GHFLVLRQEDVLV IRU0( LPSURYHPHQWPHDVXUHVZLWKD OLPLWHG
QXPEHU RI DVVHVVHG GDWD VLPXODWLRQV KDYH EHHQ FRQGXFWHG
EDVHGRQDUHDOFDVH7KHPDQXIDFWXULQJ60(ZDVQRWZLOOLQJ
WR GHOLYHU VRPH FRPSDQ\ FRUH GDWD VR XQNQRZQ WRWDO
FRQVXPSWLRQVKXPDQUHVRXUFHPDFKLQHHTXLSPHQWEXLOGLQJ
FRVWVHWFKDYHEHHQHVWLPDWHGIURPSXEOLFO\DYDLODEOHQDWLRQDO
EUDQFKVWDWLVWLFV7KHPDWHULDODQGHQHUJ\FRVWPDGHXS
RIWKHDQQXDOWXUQRYHU7KHSURILWUDWHZDVHVWLPDWHGWREH
,QWKHVLPXODWLRQWKHJURZWKIDFWRUVRIWKHVWRFKDVWLFYDULDEOHV
DUH YDULHG ZLWKLQ ±  DURXQG D SUHVFULEHG YDOXH 7R
GHWHUPLQHWKHHIIHFWRISDUDPHWHUXQFHUWDLQWLHVTXDQWLOHVRIWKH
SURILW GLVWULEXWLRQ DUH FRPSXWHG DQG GLVSOD\HG JUDSKLFDOO\
7ZRVFHQDULRVKDYHEHHQVLPXODWHGDORZUHGXFWLRQDOWHUQDWLYH
ZKLFK UHTXLUHV D VPDOO LQYHVWPHQW RQO\ PRGLI\LQJ H[LVWLQJ
SURGXFWLRQ HTXLSPHQW DQG D KLJK LQYHVWPHQW VFHQDULR
LQYROYLQJ QHZ WHFKQRORJ\ LPSOHPHQWDWLRQ DQG RIIHULQJ
VLJQLILFDQW PDWHULDO DQG HQHUJ\ VDYLQJV $Q DQQXDO SULFH
LQFUHDVHRIIRUWKHDERYHPHQWLRQHGFRVWVDQGWXUQRYHU
KDV EHHQ DVVXPHG IRU WKH FDVK IORZ DQDO\VLV &RUSRUDWH WD[
FRQVLGHUDWLRQVKDYHEHHQH[FOXGHGDVWKHVHYDU\FRQVLGHUDEO\
EHWZHHQFRXQWULHV)LJXUHVKRZVWKHDQGTXDQWLOHV
RI WKH FDVK IORZ (YHQ XQGHU WKH GHVFULEHG XQFHUWDLQ
FRQGLWLRQVGHFLGHUVUHFHLYHDUREXVWLQGLFDWLRQRIWKHHIIHFWVRI
WKHWZRLQYHVWPHQWDOWHUQDWLYHV
)LJ(DUQLQJH[SHQVHVSODQVWDWXVTXRYHUVXVORZDQGKLJKLQYHVWPHQW

7KHORZLQYHVWPHQWDOWHUQDWLYHZLOOGHFUHDVHFRQVXPSWLRQ
FRVWVRQDYHUDJHE\DQGLQFUHDVHSURILWIURPWKHVHFRQG
\HDU RQ E\   7KH WHFKQRORJ\ FKDQJH DOWHUQDWLYH ZLOO
GHFUHDVHFRQVXPSWLRQFRVWVE\DQGLQFUHDVHSURILWRQWKH
ORQJUXQE\7KH60(GHFLGHGIRUWKHODWWHUFDVH
3.5. Maturity level of the approach 
7KH SURSRVHG DSSURDFK LV SDUWO\ SURYHQ LQ SUDFWLFH $
GHFHQW OHYHO RI PDWXULW\ KDV EHHQ REWDLQHG FRQFHUQLQJ WKH
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HIIHFWLYHFROOHFWLRQDQGFRPSLODWLRQRIGDWDRQDVWDWLFOHYHOLQ
PRUHWKDQDGR]HQPDQXIDFWXULQJ60(SURMHFWVIURPGLIIHUHQW
LQGXVWU\ EUDQFKHV LQ *HUPDQ\ 7KH FUHDWLRQ RI D VLPSOLILHG
SURFHVV IORZ FKDUW EDVHG RQ WKH LQLWLDO FRPSDQ\ ZDONV KDV
SURYHQ WR EH DQ H[WUHPHO\ LPSRUWDQW FRPPXQLFDWLRQ WRRO
EHWZHHQ DOO LQYROYHG SHUVRQV WKURXJKRXW WKH GXUDWLRQ RI WKH
SURMHFWV DQG VHUYHG DV D EDVLV IRU VLPSOLILHG LQSXWRXWSXW
WDEOHV
&ROOHFWLQJPRVWPDWHULDOIORZGDWDDQGWKHLUXQLWSULFHVKDV
EHHQDORZHIIRUWFKDOOHQJHIRUWKHILUPV([SHULHQFHKDVEHHQ
GHYHORSHG WR KDQGOH DQG YHULI\ LQ DQ HIIHFWLYHZD\PLVVLQJ
GDWDZKLOHVWLOOHQVXULQJDVXEVWDQWLDODQDO\VLVRIRSWLPL]DWLRQ
SRWHQWLDOV
6HFRQGDU\PDWHULDOUHQHZDEOHHQHUJ\6&DQG&(DVSHFWV
KDYHQRWEHHQDSSURDFKHG\HWLQSUDFWLFH0RQHWDU\RXWFRPHV
KDYH EHHQ SUHVHQWHG RQ D VWDWLF DQQXDO SDVW RULHQWHG EDVLV
6XLWDEOHG\QDPLFIXWXUHRULHQWHGHFRQRPLFDQDO\]LQJPHWKRGV
QHHGWREHHYDOXDWHGDQGSURYHQLQSUDFWLFH
7KHDSSURDFKQHHGVWREHIXUWKHUGHYHORSHGFRQFHUQLQJWKH
DGHTXDWHLQYROYHPHQWDQGPRWLYDWLRQRIVWDIIDWWKHEHJLQQLQJ
RIDQGGXULQJ0(SURMHFWV,QSDUWLFXODUFKDQJHPDQDJHPHQW
DVSHFWVQHHGWREHFRQVLGHUHGLQGHSWKLQRUGHUWRHVWDEOLVKWKH
WRSLF LQ WKH ORQJ UXQ LQ PDQXIDFWXULQJ 60(V $ VXLWDEOH
VROXWLRQFRYHULQJ WKHQHHGVRIGLIIHUHQWPDQXIDFWXULQJ60(
W\SHVKDVWREHIRXQGDQGWHVWHG
3.6. Extension possibilities and needs 
7KHXVHRIHQWHUSULVHUHVRXUFHSODQQLQJVRIWZDUHLVQRWWKH
VWDQGDUG LQ 60(V >@ $XWRPDWHG GDWD FROOHFWLRQ UHGXFHV
ZRUNORDGDQGLQFUHDVHVWUDQVSDUHQF\)RUWKHGDWDH[FKDQJHLQ
DQG WKH H[WHQVLRQ WRZDUGV 6&V DQG &( ZKLFK LQFUHDVHV
FRPSOH[LW\ GDWD FROOHFWLRQ QHHGV WR EH VXSSRUWHG E\
GLJLWDOL]DWLRQ WRROV 6XFK WRROV PXVW EH WDLORUHG IRU
PDQXIDFWXULQJ60(VDQGVLPSOHWRXVH
3.7. Roadmap for improving material efficiency 
,QRUGHUWRHQDEOHD0(VWUDWHJ\IRUPDQXIDFWXULQJ60(V
LQ6&VDQGFRQVLGHULQJ&(DVSHFWVLWLVQHFHVVDU\WRIROORZDQ
LQWHUGLVFLSOLQDU\ DSSURDFK LQFOXGLQJ VRFLRHFRQRPLF DVSHFWV
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